Background 



• Microbursts + other factors 

crash aircraft taking off or landing 

— close runways 

— cause delays 

— force alternative airport landings. 

• Microburst detection, location and measurement 

— will enhance airport usage and safety. 


MITRE 


mammm* 

(or nadir). 

Studecan occur which, depending on the altitude of the aircraft, can cause a crash. 


LONG TERM IMPACT 


- HIGH CONFIDENCE OF DETECTING, LOCATING ALL MICROBURSTS 

- ECONOMIC OBJECTIVE: AFFORDABLE LOW COST 

- WORLDWIDE CONSCIOUSNESS OF MITRE'S COMMITTMENT 
TO AIRPORT SAFETY 


POTENTIAL SPONSORS 

- GOVERNMENT AGENCIES RESPONSIBLE FOR AIRPORT SAFETY 


- FAA 

-MAJOR AIRPORTS 
-MINOR AIRPORTS 

- AIRPORT MANAGEMENT, WORLDWIDE 


MITRE 


computers (PCs? The success of this very simplified wind shear detedion system would affirm e 
company’s interest in sensible, simplified but confidence-inspiring ATC equipment. 

The experimental plan was to deploy a tight array of reliable solid-state meteorological sensro aro^ an 
appropriate analysis and display capabilities. 

Other objectives of this MITRE-funded research were to have a high confidence of detecting and bating 
all microbursts and to work to deploy operational Gg-measuring arrays in places wh ' ch ] h ® r ® L? re n0 p 
to detect microbursts at this time, such as secondary, General Aviation and third world airports. 
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APPROACH 



The MITRE approach to this problem was very standard. One of the first products was the development of 
a complete system specification. The slide is self-explanatory. It sets out the various major objectives 
including the detailed planning, purchasing and equipment refinement for the development and test of any 
large system including this thermodynamic alerter for microbursts. 
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Thermal Alerter for Microbursts Prototype (TAMP) 
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Since e= is conservative new air tram aloft will nave a different 0 E from ait at the ground. Therefore, a pool 
o dfterim KSoTlower) 9. will appear as a rapidly emending pool within the currently Resent, 
“lS!et!S has shown mod* of near-surface changes of this type due to temperature 

alone. - -- ? 

in addition ”the movement of the boundaries of the pool yield a measure of shear, microburst strength, or 
SeUS» SEISSSd toss across the Ak The depth of the change w,ll also g,ve a 
measure of the change, much like the relation given by Proctor of 8 v (m/s) = 2.5 6 1 u 
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The sensor-transmitters (Senstrans) in the array have wind speed sensors similar to the Bedard-Fujita 
design shown, but modified by MITRE to include direction sensors, which are straingauges mounted 
directly on the rod which holds the Bernoulli sphere. When the ball moves, the direction is measured by 
resistance changes in the strain gauges. In the MITRE design, the pressure switch is replaced by a solid 
state pressure transducer soldered to the printed circuit board (PCB). The wind shear is then potentially 
obtainable in three ways, direct measurement, inference from the temperature depression, and 
geometrically, from the rate of expansion of the pool of new air. 

Further, total pressure change, defined as the sum of the scalar pressure change and the dynamic 
pressure computed from the kinetic energy of the moving air, gives yet a third potential indicator of the 
presence ofa rwdburst (Fuiita). Changes in the static pressure over short periods of time (infrasound) 
have been postulated by Bedard as indicators of the presence of microbursts, but are not a possible output 
from the Senstrans array. 
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The plan for the operational air traffic controller (ATC) display is for a simple nested family of non- 
overlapping threat-indicating ellipses. Ellipses are very simply defined: five bytes completely describe the 
locattonand size of an ellipse. Therefore sixteen bytes completely descnbetriree ellipses, since only one 
bvte is needed for color. Ghren this economy of information to be transferred, the inner ellipse would be 
ffir^ iSng the highest threat, probably impenetrable by any aircraft on tending or departure. 
The area between that and the next ellipse, which totally surrounds ithe former, 'jSS'" 9 

considerable threat but possibly successfully penetrable by a microburst-experienced pilot. The finally 
enclosed area would be green indicating a moderate threat but penetrable by all pilots 
have no wind shear training. There would be no confusing overlapping of ellipses. H ^® v P gh 
be a small number of red ellipses within one amber ellipse, and there might sim'teriy -be multiple amter 
ellipses within one green ellipse. However, for transmission to fight decks, a simpler, three nested ellipse 
family for any one airport would be generated from the available data. 

The advantage of ellipses is that they simplify the overly-complex shape of ST 

contours (such as radar echoes) which describe randorn noise phenomena andare 1 [V 
detail. Where threats are defined, however, the selected ellipse is guaranteed to be the smallest ellipse 
which contains the defined threat and does not overlap any inner ellipse. 

Sixteen bytes oUafe can be transmitted in one information packet of Mode S data. In ^ 

ttansmissortfate of 1200 baud, 1 6 bytes of data can be transmitted anywhere in the worldm a tentti of a 
second Thus the functional information of the location and size of a microburst on an airport can be 
transmjtted in graphical form more economically than the ASCII format of the current controller verbal 

transmissions. 

On the flight deck a color display of threats should facilitate pilot intentions, and an appropriate choice. In 
addition, a smart flight-deck computer could generate a probability of airmail number between zero and 
(1 being survival, 0 being impact) since it contains the aircraft configuration information. 
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Senstrans - Field Equipment 



• Sensors and their sensitivities 

— Temperature sensor 0.1 deg C in 7 s; shelter air limits rate. 

— Pressure sensor: 0.1 mb, no time limit. 

- Will sense pressure changes ahead o f descending air. 

- Allows estimate of temperature change due to pressure. 

— Wind speed sensor (Bedard-Fujita design, modified): 1 m/s above 

5 m/s, no time limits. 

- Uses the same sensor as the pressure sensor. 

— Relative humidity sensor: 3% RH in 5 minutes. 

- Water content change will cause temperature change. 

- Sensor siow, but look-ahead and nowcasting possible. 

— Solar insolation 

- Tree": From output voltage of solar power supply. 


Adequate accuracy is achieved by accepting small lags in several parameters that are measured. 

Pressure and wind speed are available instantaneously, since they are measured on-chip by a sensor with 
a deflecting silicon membrane. Wind direction has similar qualities. Temperature has a slight lag because 
of the thermal mass of the sensor. Humidity, with a lag of the order of a minute, because of the need for 
water concentration change in a thin film, has the longest lag of the vital parameters. 


Accuracies and lags are given in the following table: 


Parameter 

Sensor 

Accuracy 

Lag 

Comment 

Temperature 

Thermistor 

,1°C 

7 seconds 


Differential 

Silicon wafer 

.1 millibar 

zero 

wrt Pressure 

Wind Speed 

Silicon wafer 

1 m/s 

zero 

Above 5m/s 

Relative 
Humidity - 

_ T Thin film 

3% 

5 minutes 


Insolation _ 

Solar array 


zero 

Accuracy 

N/A 


Generally the sensors, the microcontroller, the transmitter are soldered on one two-sided PCB, thus 
eliminating many cables and connectors which are the most troublesome portion of complex equipment. 
This is mounted inside a standard instrument shelter which yields adequate exposure to the components 
within it. However, the solar panel, the battery, and the wind sensor must be elsewhere, so standard 
telephone cables with their gold-plated and sprung connectors are used where connectors are required. 
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JUNE 1W9 


frequency shift keyed (FSK) tones to a 2.0 watt FM transmitter. 

SSsw&br*ttsas^^ 

S5JS ^SiscoTrS too late to alter the design to aaommodale some other chrp. 
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TAMP Installation at Stapleton 



The receiving antenna is a spare LLWAS antenna on the roof of the ATC Tower, which feeds a receiver in 
the FAA equipment room. This is connected to a standard communications port on a PC via a 1200 baud 
demodulator. The decoding and archiving software is a Basic program. 

With permission of the Stapleton Facilities Section, each of thirteen Senstrans is mounted on an LLWAS 
tower within a few feet of the operational LLWAS unit, and is up to 7 km from the receiver in the ATCT. It 
has no impact on the operation of LLWAS. 

Operation was achieved on June 26, 1990 and continues. 
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DAPAD Software 



The software within the data acquisition processing analysis and display unit (a PC) is a simple Basic 
language program. The archive is initially the hard-drive in the PC. Files are occasionally written to 3.5 
floppy disks and are then sent to MITRE. 


Results 

One comparison has been made with the 1 1 August 1990 microburst. At this time there were only three 
remaining operational Senstrans, but its presence was detected by all of them. 
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Session VI. Heavy Rain Aerodynamics 
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